It dealt with the pyroluminescence of quartz, a subject which had taken his youthful interest as early as 1904. This earliest effort in research gave clear indication of the resourcefulness and thoroughness with which later investiga tions were to be conducted.
He contributed a paper on the germanium mineral argyrodite, and indicated how the measurement of radioactivity of minerals could be used as an aid in the identification of some of the rarer species, such as orangite, samarskite, euxenite and polycrase. But the main work of these early years was to lead to his doctorate thesis on contact metamorphism in the Oslo area.
In the spring of 1907 he had begun a study of the mineral deposit of Arvollsdalen near Oslo with its rich assemblage developed in the calc silicate xenoliths in the surrounding nordmarkite. Eventually at the suggestion of Brogger these studies were enlarged to embrace the aureoles of metamorphism around the major igneous intrusions of the Oslo area. The Permian plutonic igneous masses of the region had long been celebrated by the work of Brogger, and Goldschmidt was now to engage on a close investigation of the thermal metamorphism induced at their contacts with the varied group of Palaeozoic sediments. As a result, there appeared in 1911 in a memoir of more than 400 pages a masterly con tribution to rock metamorphism which has since become a classic.
A study marking a major advance in the correlation of the chemical and mineralogical composition of thermally reconstituted rocks, it contained the first successful essay towards a systematic classification of rock mineral assemblages in the light of phase rule theory.
Goldschmidt's mineralogical phase rule was developed by the consideration of solid phases in contact with their saturated solutions, a method having the advantage that it probably provides a real picture of the processes in operation in contact metamorphism. In this way he set up for the shale-limestone group of sediments an orderly grouff of ten equilibrium assemblages (classes) the validity of which has been abundantly demonstrated in later work.
Goldschmidt was among the first in Europe to recognize the importance of metasomatism in connexion with skarn development associated with certain classes of ore deposits. Thus, in this same study he recognized in the Oslo region a pneumatolytic metamorphism associated with the ores of the contact zone, responsible for the production of the associated skarns rich in hedenbergite and andradite. He thus joined forces with Kemp and Lindgren in America in recognizing the importance of magmatic transfer of common elements of ore deposits, iron, silicon, sulphur and copper, especially in limestone environ ments. Later he was to provide in the Langesundsfjord area of the province, clear evidence of sodium metasomatism associated with nepheline syenite pegmatites at their contacts with Downtonian sandstone.
His physico-chemical approach to problems of rock metamorphism led further to an interesting attack on the important problem of geologic thermometry. Assuming the validity of the Nernst heat theorem he endeavoured to calculate the pt curve of the univariant equilibrium CaCQ3 + S i0 2~^> CaSi03 + C 0 2. The data for this evaluation were uncertain, as he recognized, and he drew attention to the value of a precise experimental investigation of the system in providing a reliable temperature recorder in metamorphism. The system still awaits experimental study.
The winter of 1911-12 spent at Munich with Groth provided at this time two papers, one an investigation on the change of interfacial angles of non-cubic crystals at low temperatures, research which in conjunction with the work of F. E. Wright on the same materials at high temperatures, has provided a remarkably complete temperature history of two such important substances as quartz and calcite; the other an account of his ingenious conversion of a single circle goniometer to a two circle type which has all the advantages of the more costly three circle instrument in permitting, in a single setting, ready measurement and comparison of interfacial and interzonal angles of isomorphous series of substances.
W ith the completion of his studies on the contact metamorphism of the central part of the Oslo region Goldschmidt turned his attention to problems of regional metamorphism. As a first stage in this approach he had intended a comprehensive investigation of the metamorphism of the Langesund region where Brogger's studies had demonstrated that through combined action of heat and the local impress of stress, rocks had developed with the habit of crystalline schists. This part of his programme though apparently brought near to completion was never published.
For the main field of his labours in regional metamorphism he chose the great Caledonian geosyncline of Southern Norway where a sedimentary succes sion can be traced through all stages of alteration into crystalline schists, their metamorphism being in part associated with a contemporaneous suite of eruptives. The geological work of the pioneers, Brogger, Bjorlykke, Reusch and Rekstad had provided the basis from which an intensive geologicalpetrographical study might now be elaborated. The region over which his pro jected studies were to range comprised a belt of country stretching for a length of 500 kilometres with an average breadth of 150 kilometres from Stavanger in the south-west to Meraker in the Trondhjem district to the north-east. It included the great belt of Caledonian orogeny and igneous action associated with a zone of overthrusting towards the south-east along the Caledonian front. These researches are set down in five monographs under the general title 'Geologisch-petrographischen Studien im Hochgebirge des siidlichen Norwegens'.
In the Finse region, an area of great significance in the elucidation of the tectonics of south central Norway he contrasted the hornfels-like alteration of the Cambrian conglomerates preserved and protected from stress in hollows on the sub-Cambrian land surface with the gneissic deformation of the old granite occurring as disrupted blocks in the schistose alum phyllites of Sandaadalen, above this horizon, and in a later contribution he presented a general picture of the metamorphism of the Caledonian geosyncline. In the Trondhjem district he was able to map zones of progressive metamorphism marked by index minerals of argillaceous sediments, chlorite, biotite, and garnet, unaware, it is.
clear, of the much earlier zonal work of Barrow in the south-east Highlands of Scotland. The progressive metamorphism of the calc silicate rocks of this same region was exhaustively studied and it is of interest to note that his treatment contains a development of the concept of metamorphic facies proposed by Eskola in 1914 and further elaborated by that investigator in 1920.
In his monograph on the igneous rocks of the Caledonian mountain region his attention was devoted especially to three rock suites he recognized-the 'green lavas' and associated intrusives, the Bergen-Jotun series of charnockiteanorthosite type and the opdalite-trondhjemite suite. Their eruptive provinces he showed were partly separated in space and partly overlapped and he recog nized a possible genetic relationship between the green rocks and those of the trondhjemite suite. It was a detailed study of the petrography and geological environment of these suites (Stamme) which brought him to support the con ception of petrographical provinces and to the conviction that differences among igneous rock series were dependent in the first place on geological environment rather than on contrast of original chemistry. In these deductions he was elaborating a thesis earlier developed by Marker.
His trondhjemite suite he recognized as characteristic of the active stages of mountain growth from a geosyncline, and owing its special mineralogical character to the special environment of intrusion among the wet sediments of the geosyncline. On the other hand though its Caledonian age could not be demonstrated, the charnockite-anorthosite suite of the Jotunheim he considered the product of crystallization of a dry magma intruded in an anhydrous environ ment of older rocks.
An important contribution to the tectonics of the Eastern Jotunheim was made in his study of the Hoifjeldskvarts conglomerates. The Bergen-Jotun igneous suite already referred to, have suffered much from tectonic disturbance and in their eastern outcrops the gabbros of the suite lie as sheets over the Palaeozoic sediments and are in places intensely mylonitized on their lower surfaces. Goldschmidt in a study of the region between Gudbrandsdal and Valdres found that the boulders of the conglomerate which overlie Ordovician phyllites consist of a gabbro identical with that seen in the gabbro masses overlying the conglomerate. He was led tentatively to the conclusion that these con glomerates of Caledonian age were formed in front of a thrust gabbro mass impelled from behind and moving at the surface or under cover of water only. The gabbro masses he pictured as occupying a similar tectonic position as many Klippen of the Alps and related themselves to the Hoifjeldskvarts as the Alpine Klippen to the Flysch, the gabbro conglomerates being paralleled with the exotic conglomerates. But the Alpine analogy was here exceeded for he recog nized the thrust masses of the Eastern Jotunheim as travelling over their own conglomerates. In a neighbouring district he recorded a quartz conglomerate developed in similar relationship to a thrust mass of granite.
Active field work in this geological series of researches was brought to a close in 1917 but the final monograph did not appear till 1920. In his study of the injection metamorphism of the Stavanger region he portrayed convincingly the nature of the metasomatic metamorphism associated with intrusions of the trondhjemitic suite and he set up a new standard of achievement in the investiga tion of injection complexes by this exhaustive and quantitative study which has served as a model for all later work. The results he demonstrated on the ground, at a memorable international gathering of geologists which he himself had arranged, in the summer of 1922. The realities of metasomatism worked out in this field and in the aureoles of the Oslo igneous massifs led him eventually to present a study on metasomatic processes in silicate rocks, distinguished especially for the recognition and formulation, in the light of the mass action law, of the principle of minimum concentration for effective metasomatism.
Goldschmidt's researches in geochemistry were initiated during the First World War when the deficiency of raw materials led him to extended investiga tions on the mineral resources of Norway. The organization of this research was entrusted to him by the Norwegian government in 1917 and he became Chairman of the Commission for Raw Materials and Director of the Raw Materials Laboratory. The origins of modern geochemistry may be said to date from this period. After the close of the war he set himself to continue research along more general lines than was possible during the years beforein a study of the general scientific problems intimately connected with the utilization of mineral raw materials. As he himself has written of his programme at that time-'Among the problems proposed there was one of outstanding importance, i.e. to find the general laws and principles which underlie the frequency and distribution of the various chemical elements in nature-the basic problem of geochemistry. I proposed to attack the problem from the viewpoint of atomic physics and atomic chemistry and to find out the relation ships between the geochemical distribution of the various elements and the measurable properties of their atoms and ions. ' W ith a small team of co-workers he applied himself with great energy to these studies. To this end both old and new methods of chemical and physical analysis were brought to bear on the investigation of rocks and minerals. X-ray analysis and quantitative spectrographic methods provided new lines of attack. Chemical analysis by X-ray spectra had been first applied to mineral analysis by Hadding working in Siegbahn's laboratory in 1922. Goldschmidt was quick to adopt this new development. His memoir with Thomassen on the distribution of the rare earth metals in minerals, published two years later, demonstrating the greater relative abundance of the elements of even atomic number in this series, in harmony with the rule of Harkins and Oddo, was a singularly successful example of its use. But one of the first problems he attacked at this time was the partition of chemical elements between systems of co-existing liquid phases -molten iron, liquid iron sulphide and fused silicate, a matter of obvious importance in metallurgy, petrology, meteorite study and indeed in planetary chemistry. From experience of metallurgical practice, an intimate knowledge of the composition of meteorites and a mass of geochemical analytical data he was led to subdivide the commoner elements into the groups siderophile, chalcophile and lithophile characteristic respectively of the metal, sulphide and silicate melt. These studies brought a special contribution to the problem of the chemistry of the earth's deep interior for with Tammann he conceived the earth ball as a three phase system, recognizing an intermediate sulphide-oxide shell between the metal core and a silicate outer shell. He now added a further 'atmophile' group of elements to his classification, those concentrated in the gas phase of the primordial atmosphere. The principles of partition of the elements among immiscible phases he was later to elucidate more fully and finally to add a fifth 'biophile' group of elements to his geochemical classification, those concentrated by living organisms in the later stages of terrestrial evolution.
So were initiated the classical series 'Geochemische Verteilungsgesetze der Elemente' in which he was ultimately to lay the foundation of inorganic crystal chemistry though he recognized it as simply one aspect of the general geochemical problem he had set himself many years before.
Looking back in 1926 he could write 'The experimental work in the field of crystal chemistry which in recent years the Mineralogical Institute of the University has undertaken had the objective to throw light on the geochemical distribution and technical properties of practically important materials. During the carrying out of these researches . . . there appeared a series of general crystallochemical relationships which made possible a notable deepening of the principles and data of crystal chemistry'.
In the first place it may be imagined that he thought of the X-ray methods as just one of the auxiliary methods for the examination of minerals to be used when other methods failed. He started this work at the beginning of 1923 and from then on until 1929 when he moved to Gottingen, he and his small group of research workers several of whom like T. Barth, Zachariasen and Oftedal were subsequently to become noted X-ray workers, carried out what is still the most remarkable planned series of X-ray studies that has ever been undertaken. Although the work set out in Nos. IV to V III of the 'Verteilungs gesetze' seems to show an absolutely straightforward progress it is clear from internal evidence that Goldschmidt enlarged his views as he went along while maintaining the unity and purpose of the project. In the course of the work nearly 200 separate chemical compounds were prepared and analysed by X-rays and the results published in forty-five different papers. At the time when Goldschmidt started this work crystal chemistry as a scientific discipline did not exist. As he wrote in his preface to 'Verteilungsgesetze' No. V II-'For the mineralogist and for the practical chemist crystallography was a purely descrip tive auxiliary science which made possible the recognition and distinction of crystalline materials whether they were minerals or technical products'.
He was progressively to give it nearly all its leading ideas. It is characteristic of his geochemical interest that the first series of compounds examined were those of the uranium group of elements-uranium oxide, thorianite, cleveite and broggerite.1 He saw that the similarity between these from the X-ray point of view was much more important than the difference revealed by chemical composition. In the same paper he discusses the close relations between yttrofluorite (YF3) and fluorite (CaF2) and thus was immediately plunged into all the difficulties involved with pseudoisomorphism and defect structures. The really effective beginning of the crystal chemical work came, however, with his masterly study of the sesquioxides, first of the rare metals and then of the other trivalent elements. His interest in these was clearly geochemical in the first place, but the magnificent series of rare earth sesquioxides enabled him to show the existence of the three crystal types (< ), (b) and ( ) in each of which isomorphism went with a steady change in lattice dimensions, the celebrated lanthanide contraction, the significance of which he was the first to point out. It was obvious to him from these extended series in the light of his deep under standing both of geochemical distribution and of the periodic table that both the contraction and the morphotropy of the sesquioxides depended on a con tinuous change with atomic number in the size of the rare earth atoms. Now atomic size had been discussed even before the first analyses of crystal structure but there had been a very natural confusion between atomic volumes derived from the densities of the elements expressed in the Lother Meyer curve and inter-atomic distances from binary compounds. This difficulty was not effec tively cleared up until the work of Wasastjerna in 1932 and Goldschmidt was one of the first to make use of Wasastjerna's new picture of large anions and small cations to which he furnished the most extensive series of examples. It was in meditating on the transition from one crystal type to another, brought about by comparatively slight changes in the radii of the cations, that he saw that the laws of co-ordination already postulated years ago by Werner to account for complex salts also held the key to the structure of simple ionic crystals. Very small cations fit between two anions, larger ones between three, four, six and eight. The characteristic mean size for a cation to fit in a definite co-ordina tion sphere of anions was, he saw, fixed by the simple geometry of the radius ratio of the two ions. Thus all simple binary compounds AX had 3:3 co-ordina tion if the radius ratio was less than 0-22, 4:4 if it lay between this and 0-41, 6:6 up to 0-73 and 8:8 beyond this. The series did not end there; if, as sometimes is the case, the cation was actually larger than the anion it descended in the same order giving rise to what Goldschmidt was the first to call anti-isomorphous substances which might have the same crystal structure by an interchange of positive and negative ions but which could never, unlike isomorphous sub stances, give rise to mixed crystals.
Goldschmidt, however, had no sooner found this law than he realized that it held many exceptions and indeed he only made it the starting point of his series of fundamental laws of crystal chemistry. The law broke down under the circumstances which he clearly distinguished-if the anion was large, such as sulphur or iodine, or even more where the anion was a complex such as OH, the anion was deformed by the strong polarizing field of the cation leading to structures which approximated far more to those of the molecules of organic chemistry. This was particularly true where as in such sheet-like structures as molybdenite all the cations were on one side of the anions. Goldschmidt was the first to distinguish between the relative importance of the polarizability of the anions which was that already established by Fajans for their optical properties, and the polarizing power of the cation which was directly pro portional to its charge and inversely to its radius. In this way he was able to arrive at the general law that 'the structure of a crystal is determined through the numerical proportions, the ratio of sizes and the polarizability of its units'.
The other region where even this rule breaks down is in those structures where the binding is very markedly non-ionic, particularly in the compounds between the transition elements and those of the IVth, Vth and V lth B groups of the periodic system. Goldschmidt showed that the laws of interatomic dis tances in such compounds as the compounds of the diamond, wurtzite or nickel arsenide structures obeyed quite different rules from those of ionic compounds. The interatomic distances in fact remained sensibly constant as long as did the ratio of electrons to atoms, whatever the valency of the individual atoms. He was thus led to postulate two incommensurable types of structures, one being the ionic and the other semi-metallic or adamantine, though no simple name has yet won general acceptance.
The whole of Goldschmidt's work was summarized in a masterly way in the two great penultimate papers of the 'Verteilungsgesetze' V II and V III. There has rarely been in the history of science an example of an enunciation of fundamental laws combined with a wealth of well-ordered and precise data determined at the same time by the same person. With the publication in 1926 of these two numbers, modern crystal chemistry received its first and definitive form. It contains not only a detailed description of the radii of almost every ion to be found in the periodic table, but of the description and explanation of all the structures for the types AX, AX2, A2X3, ABX3, ABX4 and A2BX4 which include between them most of the simpler inorganic compounds. It was accompanied by tables and diagrams of atomic radii that became from the start the basic data for all subsequent crystal chemical work. In these two papers Goldschmidt discussed not only the general laws already referred to including those of polymorphy, isomorphism and morphotropy, but showed how they followed from the very nature of the coulomb attractions between the ions, thus doing on an extended scale what Born had achieved with the refinements of mathematical physics for the simpler structures.
In this work Goldschmidt had succeeded in solving the basic geochemical problem that he had put himself at the start of the investigation, namelyWhat are the characteristics of atoms that determine their distribution in the crust of the earth? He showed that for the most part these were ionic size, charge and polarizability. This work, combined with the knowledge of silicate structures derived from the Bragg school explained with the utmost elegance and simplicity the puzzling rules of ionic substitution in minerals. The older mineral chemists had used the analogies of organic chemistry in putting forward formulae for the complex minerals such as the micas and felspars. Goldschmidt showed that they were on the wrong track and in fact a much simpler explanation was that o f the piling of spheres in different sizes. The possibility of substituting any one atom by another even of different charge was possible so long as ionic sizes did not diverge too much.
He extended the theory beyond this to explain the physical properties of crystals. He showed, for example, that the hardness of crystal, was determined by the charge and distance between the closest ions and established the two parallel series, so called model structures of the relatively soft fluorides with single charges and the hard oxides with double charges, and in which each anion in the first series was matched by another of the same radius and double the charge in the second. Thus the idea of model structures was to prove extremely valuable in the further elucidation of the complex minerals.
Goldschmidt did not stop there, however, he went on in one last but illuminat ing extensive study of the metallic state, thus rounding off the whole picture of inorganic chemistry. Here, guided by this idea of the importance of co ordination he was able to establish sets of atomic radii corresponding not now to different atomic charge but to different co-ordination number and thus pro vide the most beautiful illustration of the regularities of the periodic system of the elements, free from anomalies produced by accidents of different crystal structures. Thus bismuth, which normally crystallizes in an irregular 6 co ordination can be made to alloy in 12 co-ordination with a reduction in effective volume of 8 per cent. Having thus put light and order into a field of study which hardly existed before his time, Goldschmidt after 1928 returned to his main pre-occupation with geochemical problems. His work, however, was at once seized on by crystallographers and crystal chemists and made the basis for all subsequent studies. Neither in general principle, nor in any important particular, has it been shaken to this day. The first great work of Pauling was in extending the conceptions of Goldschmidt to cover the more complex silicates whose structures had been determined by the Bragg school. Naturally this involved refinement of the purely empirical atomic and ionic radii determined by Gold schmidt but these are still the most convenient for practical use. His work on the semi-metallic and metallic structures has also stood the test of time and many of his minor interests such as those of non-Daltonian ratios in minerals have proved most fertile. Goldschmidt's work, however, in this field is much more than the establishment of the fundamental rules of crystal chemistry and the determination of its constants for nearly all the elements. He built the foundation on which modern inorganic chemistry rests and we may soon hope to see his ideas taken as the basis for the elementary as much as for the advanced teaching of inorganic chemistry.
In the third main period of his scientific activities Goldschmidt worked in Gottingen. On the retirement of Miigge in 1928 he was invited to fill the Gottingen chair and he became director of a large new mineralogical institute which he organized on the model of his Oslo laboratory.
He moved there in 1929 and began a long series of geochemical investiga tions on the rarer elements. For the most part his methods of analysis were now founded on carbon arc spectrography. With his colleagues Mannkopff and Peters he developed the cathode layer technique, capable of detecting most elements in concentrations down to 0*001 per cent or even less and adapted for the treatment of much smaller quantities than hitherto in spectrographic work. A stream of publications dealing with the geochemistry of selected elements, among them, gallium, germanium, scandium, beryllium, boron, the noble and the rarer alkali metals, was issued during the years [1930] [1931] [1932] [1933] [1934] [1935] in the Gottingen Nachrichten. It is not too much to say that the elaborate series of investigations mainly carried out at this time has revolutionized our knowledge of the distribution of the minor constituents of the earth's crust. They were based on a wide selection both of terrestrial and meteoritic matter and he spared no pains in gathering materials for research from all quarters of the globe. He was ultimately to present a broad synthesis in a general survey tracing the partition of a large number of these rarer elements among the successive products of the geological cycle from the primitive magma to the sediments and the sea. He drew an illuminating picture of the sifting and sorting of the elements in the fractional crystallization of igneous magma and demonstrated the effects of ionic size and charge in regulating the sequence of entry of elements in the host silicate structures of the consolidating igneous rock. He essayed a quantitative balance of substances through a succeeding stage of weathering and sedimentation-in the residual sediments and through solu tions to the sea-and employed the function of ionic potential, the quotient of ionic charge and size, introduced into physical chemistry by Cartledge, as a guiding principle in the distribution of the elements at this 'aqueous' stage of geochemical evolution.
It was on the basis of the ionic potential that he drew distinction between three major groups of elements in the process of sediment formation, those remaining in true ionic solution, those precipitated by hydrolysis and those forming soluble anionic complexes, groups which can be clearly recognized as common products in distinctive units of the sedimentary record. The principle thus empirically derived, and in his hands successfully exploited, has yet to be grounded with an adequate theoretical foundation, but the effective use he made of his own fundamental discoveries in crystal chemistry in interpreting his data and indeed in predicting geochemical phenomena, is apparent on every hand in these comprehensive researches.
He went on in sequence to the consideration of a further stage of the geo chemical evolution of matter in his analysis of the processes of concentration of elements due to the action of living organisms-the province of biogeo chemistry. His interest here had been stimulated by his discovery that ger manium occurs concentrated in certain coal ashes-such as those of Northumber land and the Donetz basin. He found that a concentration of a great number of minor elements occurred in forest humus and forest litter and traced a circula tion of these elements in solution from the subsoil through the plant to ultimate precipitation and enrichment in the topmost layers of forest soils. The phenomena of enrichment thus disclosed have in recent years been successfully adapted in a type of geochemical (spectrographic) prospecting where a systematic -search for a concentration of trace elements in vegetation or soil humus may give clue to the site of an underlying and hidden mineral deposit.
Goldschmidt's term at Gottingen came to an end in 1935. In the face of grow ing Nazi anti-Semitism he resigned his chair and returned to Norway, regaining Norwegian citizenship. A little later (1936) he succeeded to a professorship which became vacant at Oslo on the death of Schetelig. He set up a spectrographic unit as a section of the Norwegian government's economic laboratory and continued research along the lines established at Gottingen. Working with renewed energy he brought out the ninth and final publication in the 'Verteilungsgesetze' series. In this work he linked up a mass of geochemical and astrophysical data as well as data from nuclear physics and he attempted an estimate of the universal mass ratios not only between the chemical elements but also of the isotopes, devoting some attention finally to the interrelation of the frequency of the different isotopes in the universe, their stability and the conditions of their formation.
During the period of his association with the government laboratory in Oslo he did much to stimulate interest in, and to develop the mineral resources of Norway. He was a pioneer in the development of forsterite as a commercial refractory and spent much time on the problem of the utilization of the large Norwegian deposits of olivine on the west coast, particularly those of Sondmore. Already in 1928 he had made industrial experiments on the use of olivine sand and crushed dunite in place of quartz for making moulds for foundries but these results had remained unpublished. In the succeeding years the industrial use of olivine refractories was largely developed in Germany, utilizing his methods of transforming olivine rock into a mixture of forsterite and magnesium ferrite by burning with magnesia. Such refractories have had successful use in ceramic kilns and for the roofs of copper refining furnaces among other adaptations. One of his last papers (1945) issued in collaboration traced the effect of olivine on the lungs of rats, a test of olivine dust in problems of silicosis which showed that its substitution for quartz in some foundry processes should be effective in reducing the incidence of that disease.
He worked on the development of titanium pigments, the importance of mica minerals as a source of potassium for plants and suggested the possibility of using biotite to this end. Though his suggestion was not altogether new the resulting experiments he developed are probably the most complete set yet carried out to test the possibilities. Among other developments were his process of making alumina from anorthosite, a rock in which Norway was abundantly supplied.
During the Second World War and after the German occupation of Norway, Goldschmidt suffered severely at the hands of the Nazis. He was twice arrested and finally in October 1942 was sent to a concentration camp, the whole of his property being confiscated. At the end of November of that year he was sentenced to immediate deportation to Poland. At the last moment this order was cancelled and he succeeded just before Christmas in escaping across the frontier to Sweden. He came to Britain in the spring of 1943 and offered his services to the Allies. Here he worked under the auspices of the Agricultural Research Council, spending the first year at the Macaulay Institute for Soil Research, Aberdeen, and later went to Rothamsted Experimental Station where he remained until his return to Oslo in June 1946. His experiences during the war years had led to a serious deterioration in his health and when he returned to Norway he was very weak after long and serious periods of illness. He seemed to be making a good recovery after an operation and his sudden death on 20 March 1947 came as a shock to his friends who saw him regularly.
For some years before his death Goldschmidt had been engaged on a com prehensive treatise on geochemistry, synthesizing his researches of twentyfive years. The greater part of it was in draft before he left England and more was completed in his last days in Norway. These chapters are now being trans lated or corrected for the press and it is confidently expected that they will soon be published in this country.
Goldschmidt was a man of amazing energy and fertility of ideas. Not even periods of illness could diminish the ardour of his mind, incessantly directed to the solution of problems he set himself. First and last a scientist, he viewed everything in relation to science and research. A complete list of his publications runs to more than 200 titles, many of them covering monographs of great length. Within his own fields his knowledge was phenomenal and his memory stupendous and he gave the impression that he had most of the existing literature in his mind. Professor Born has related that at Gottingen he once sent an assistant to Goldschmidt to ask about literature on a great number of data. Instead of giving the titles of papers Goldschmidt just dictated numerical tables from memory and a later check proved them essentially correct. He knew by heart not only the properties of atoms and ions, like radii and polarizabilities, but also their intimate occurrence in minerals, and it seemed that if he did not know a fact he had some simple way of deriving it from his radii. He remembered at once where he had buried a paper he wanted, and this was all the more astonishing as he had a system not to tidy up a writing-desk but to start a new one, when the old one was piled high with papers. So gradually nearly every room in his house came to have a writing-desk until there was only a kitchen sink in an unused kitchen left and even this was covered with a board and turned to the prescribed use.
In conversation one might get the impression that in his enthusiasm his ideas were running away with him but such exuberances were never committed to print where he was most careful in weighing his words. Scientific honesty was indeed with him a first principle.
At home in Gottingen he lived with his old father, as if they were two brothers -in fact they came to be known as Old-Brother and Young-Brother. In the University Faculty meetings he was always quiet and polite; he spoke seldom, and if he spoke, he did so slowly, with great deliberation and clarity.
His addresses given to the Gesellschaft der Wissenschaften were brilliant, a wonderful mixture of exact measurements and the keenest combinations of ideas to interpret them. He often said that he was happy in Gottingen because he had in the Gesellschaft a group of men who understood and appreciated his work as indeed they did.
He had a great fund of humour which took at times an extravagant or caustic form brought out in some of the legion of Goldschmidt stories. It is reported that when Hitler first came into power Goldschmidt appeared at a Gottingen meeting with his hair cut more than usually short. His colleagues commenting upon it, he tapped his head and said, 'Damit es besser rollen kann'; and after, when he was in England and returning to Norway, he remarked, 'I owe two things to Hitler; first, without him, I would be a geheimrat professor with nothing to look forward to but ease and honour. Now I have lost everything and have the chance to be young again,' and he added, 'Besides it has taught me a lot; you see, in ordinary life there is every inducement for people to behave decentlv, but under Nazi-ism it is quite the contrary and yet I find a number of people who do behave decently-even among the educated classes'. His love of, and patient approach to, animals was great. He had tamed birds and squirrels in his garden and these were all given names which had some funny allusion to people he knew. If, on occasions, in his judgment of men and situations he was apt to exaggerate and react childishly, it is to be remembered that the lapses were those of a generous but sensitive nature, and that he was quick to acknowledge his mistakes and make amends. To those who came to understand this, he was a devoted and loyal friend.
He ruled in his department with benevolent tyranny and his pupils and collaborators adored him. He took a keen interest in their welfare and they became his personal friends. In his recognition of their work he was liberal and was ever ready to place his knowledge at their disposal even though at the time deeply engrossed in other problems.
When he came to Britain his health was already seriously undermined. He deeply appreciated the help extended to him at the Macaulay Institute and at Rothamsted, and while his main preoccupation was the completion of his Geochemistry he spent much time with his colleagues, was generous with his advice, and took great interest in their work of trace element distribution.
Honours came to Goldschmidt from many countries, among them honorary or foreign membership of most of the leading scientific academies of Europe. It is pleasant to remember that in this country his great contributions had been recognized by his election as a Foreign Member of the Royal Society in 1943 and of the Geological Society of London from whom he received the Wollaston Medal, its highest award. He was invited to deliver the Hugo Muller lecture before the Chemical Society in 1937 and was the recipient of an honorary degree from Aberdeen University. In his own country he had received the Nansen Prize and was made a Knight of the Royal Norwegian Order of St Olaf.
For the appreciation of Goldschmidt's work in the field of crystal chemistry, the writer is indebted to Professor J. D. Bernal, F.R.S., and he owes acknowledg ment to Dr I. Oftedal of Oslo for important data on Goldschmidt's life and
